Baccharis trimera, popularly known as ''carqueja'', is a native South-American plant possessing a high concentration of polyphenolic compounds and therefore high antioxidant potential. Despite the antioxidant potential described for B. trimera, there are no reports concerning the signaling pathways involved in this process. So, the aim of the present study was to assess the influence of B. trimera on the modulation of PKC signaling pathway and to characterize the effect of the nicotinamide adenine dinucleotide phosphate oxidase enzyme (NOX) on the generation of reactive oxygen species in SK Hep-1 cells. SK-Hep 1 cells were treated with B. trimera, quercetin, or rutin and then stimulated or not with PMA/ionomycin and labeled with carboxy H 2 DCFDA for detection of reactive oxygen species by flow cytometer. The PKC expression by Western blot and enzyme activity was performed to evaluate the influence of B. trimera and quercetin on PKC signaling pathway. p47 phox and p47 phox phosphorylated expression was performed by Western blot to evaluate the influence of B. trimera on p47 phox phosphorylation. The results showed that cells stimulated with PMA/ionomycin (activators of PKC) showed significantly increased reactive oxygen species production, and this production returned to baseline levels after treatment with DPI (NOX inhibitor). Both B. trimera and quercetin modulated reactive oxygen species production through the inhibition of PKC protein expression and enzymatic activity, also with inhibition of p47 phox phosphorylation. Taken together, these results suggest that B. trimera has a potential mechanism for inhibiting reactive oxygen species production through the PKC signaling pathway and inhibition subunit p47 phox phosphorylation of nicotinamide adenine dinucleotide phosphate oxidase.
Introduction
Oxidative stress has been implicated in the onset and progression of many chronic diseases, such as cancer, diabetes, neurodegenerative, and cardiovascular diseases. 1 Alterations in the redox state affect the signaling pathways for biological processes and damage cellular functions. 2 Reactive oxygen species (ROS) are continuously produced as a by-product of cellular metabolism, playing an important role in cellular signaling and homeostasis. 3 However, in excess, ROS production might exhibit noxious effects on cells through direct interactions with DNA, RNA, lipids, and proteins, and this damage has been associated with the etiology of several diseases. 4, 5 Exogenous antioxidants, synthetic or natural, have been used as alternative therapeutic approaches for treating stress-related diseases, as these compounds likely combat the damaging effects of ROS. 6 The majority of natural antioxidants are polyphenols, which exhibit powerful antioxidant activity as reactive species scavengers and induce the gene expression of antioxidant enzymes. 7, 8 Baccharis trimera, popularly known as ''carqueja'', is a native South-American plant, widely distributed in Argentina, Brazil, Paraguay, and Uruguay. This plant possesses a high concentration of polyphenolic compounds and therefore exhibits antioxidant potential. 9 Among the phenolic compounds previously described for B. trimera, apigenin, isoquercetin, luteolin, nepetin, quercetin, 3-Omethylquercetin, and rutin have been reported. 10 Despite the antioxidant potential described for B. trimera, there are no reports concerning the signaling pathways involved in this process. Nicotinamide adenine dinucleotide phosphate (NADPH) oxidase, also called NOX in non-phagocytic cells, is the enzyme responsible for the production of ROS in various cell types. [11] [12] [13] NOX is a multicomponent enzyme comprising different subunits: the subunits p22 phox and gp91 phox are located in the membrane, and the subunits p40 phox , p47 phox , and p67 phox are located in the cytosol. 14 The mechanisms involved in activation of NOX are complex and diverse; however, inhibiting the translocation of the cytosolic subunit to the membrane might lead to the inhibition of this enzyme. NOX activity might also be inhibited through the inhibition of p47 phox subunit phosphorylation via PKC inhibitors. 15 PKCs are serine/ threonine protein kinases that play important roles in signal transduction, such as the activation of NOX. 16 The PKC family can be divided into three classes (conventional, novel, and atypical). The conventional PKCs require diacylglycerol (DAG) and Ca 2þ for activation. The activity of PKC can be pharmacologically modulated using exogenous components. 17 In this context, calphostin C acts selectively on the regulatory domain of this enzyme, thereby inhibiting PKC activity. 18 Phorbol esters, such as PMA, are DAG mimetics and PKC activators 19 ; ionomycin is a Ca 2þ ionophore, 20 and together with PMA, this compound acts as an activator of conventional PKC. Polyphenols exhibit antioxidant activity and can inhibit NOX. 15 Thus, the aim of the present study was to determine the phytochemical and cytotoxic profiles of B. trimera and investigate whether the inhibition of reactive oxygen species (ROS) mediated by B. trimera is dependent on PKC and/or NOX.
Experimental section
Reagents Quercetin (#Q4951) and Rutin (#R5143); dimethylsulfoxide (DMSO) (#D5879) (Dulbecco's Modified Eagle's Medium (DMEM) (#D1152); Thiazolyl Blue Tetrazolium Bromide (MTT) (#M2128), Phorbol 12-myristate 13-acetate (PMA) (#P8139), Ionomycin calcium salt (#I3909), Calphostin C (#C6303), Diphenyleneiodonium chloride (DPI) (#D2926); Monoclonal anti-protein kinase C (#P5704); Policlonal anti-p47 phox (#SAB4502810), Policlonal antiphospho p47 phox (#SAB4504289), Monoclonal anti b-actina (#A1978), anti-mouse IgG peroxidase (#A9044) and antirabbit IgG peroxidase (#A0545) were obtained from Sigma Aldrich (St Louis, MO). Amersham ECL Western Blotting Detection Reagent was obtained from GE HealthCare Life Sciences and Carboxy-H 2 DCFDA was obtained from Life Technologies.
Preparation of B. trimera hydroethanolic extract
The aerial parts of B. trimera were collected during August 2011 in the city of Ouro Preto, Minas Gerais, Brazil. The specimen, voucher number OUPR 22.127, was identified by Professor Viviane R Scanlon and deposited in the Herbarium José Badini -UFOP. The methodology for the extract preparation was based on the work of Grance et al., 21 with modifications according to Pádua et al. 22 Briefly, the dry plant material (50 g) was immersed in water and 70% ethanol 1:1 (v/v) for 24 h. Subsequently, the solvent was evaporated in a rotavapor, and the crude extract was used to dilute the samples (10-100 mg ml À1 ) used in these experiments.
Preparation of quercetin and rutin solutions
Quercetin and rutin were first solubilized in DMSO and further dissolved in PBS (pH 7.3). These solutions were prepared at different concentrations (10-100 mM) on the day of experiment. The final concentration of DMSO in all experiments was 0.2%.
LC-DAD-ESI-MS analyses
The hydroethanolic extract was resuspended in a solution 98: 2 (methanol: water) and then filtered through syringe filter PVDV 0.20 mm. It was subsequently injected into the liquid chromatograph. Analyses were performed using an UPLC Acquity (Waters) ion trap mass spectrometer equipped with an atmospheric pressure chemical ionization (APCI) interface operated in the following conditions: positive and negative ion mode; capillary voltage, 3500 V; capillary temperature, 320 C; source voltage, 5 kV; vaporizer temperature, 320 C; corona needle current, 5 mA; and sheath gas, nitrogen, 27 psi. Analyses were run in the full scan mode (100-2000 Da). The ESI-MS/MS analyses were additionally performed in an UPLC Acquity (Waters) with helium as the collision gas, and the collision energy was set at 30 eV. Chromatographic separation was done on ACQUITY UPLC BEH RP-18 (1.7 mm, 50 Â 2 mm i.d.) (Waters). The mobile phase consisted of water 0.1% formic acid (solvent A) and acetonitrile 0.1% formic acid (solvent B). The elution protocol was 0-11 min, linear gradient from 5% to 95% B. The flow rate was 0.3 mL min À1 , and the sample injection volume was 4.0 mL. The UV spectra were registered from 190 to 450 nm. Mass spectrometry analysis was performed on quadrupole instrument fitted with an electrospray source in the negative mode ( Figure 1 ). Ion spray voltage: À4 kV; orifice voltage: À60 V.
Cell culture
The SK Hep-1 cells were a kind gift from Dr. Miriam Martins Chaves from the Federal University of Minas Gerais. SK Hep-1 cells were grown in a monolayer culture in DMEM culture medium (Sigma) supplemented with 5% (v/v) bovine fetal serum (Invitrogen Co Ltd, Carlsbad, CA, USA), 100 IU penicillin ml À1 , 100 mg streptomycin ml À1 , and 0.25 mg amphotericin B ml À1 (Sigma). The cells were cultivated in 75 cm 2 bottles and incubated at 37 C in a humidified atmosphere of 5% CO 2 .
MTT assay
The MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay was performed according to the methods of Mosmann. 23 Briefly, after pre-incubation with medium for 18 h, the SK Hep-1 cells (5.0 Â 10 3 /well) were incubated with B. trimera hydroethanolic extract (0-100 mg ml À1 ), quercetin or rutin (0-100 mM) for 12 h at 37 C in a humidified atmosphere of 5% CO 2 . Subsequently, the medium was replaced with MTT solution (5.0 mg ml À1 ) and the plates were incubated for 1 h at 37 C. The MTT solution was removed, DMSO was added, and the absorbance was read at 570 nm (Biotek EL 808). The cell viability was assessed relative to the control (cells without any treatment -only medium).
Determination of ROS production
After confirming that B. trimera hydroethanolic extract, quercetin and rutin at the evaluated concentrations were not cytotoxic to SK Hep-1 cells using the MTT assay, the treatments for the subsequent analyses were performed.
SK Hep-1 cells were pre-incubated for two different times (30 min or 6 h) using three different concentrations of B. trimera (10, 25 and 50 mg ml À1 ), rutin or quercetin (10, 25, and 50 M). After pre-incubation, the unstimulated cells were washed and used for further assays.
In order to verify that B. trimera and positive controls were capable of inhibiting ROS in a PKC-dependent manner, we used phorbol myristate acetate (PMA) and ionomycin as pathway activators. Thus, after washing, the cells were treated with PMA (50 nM), a DAG analog and potent activator of PKC, and ionomycin (100 nM), which increases the release of calcium, and incubated for an additional 30 min. Subsequently, the cells were washed 2Â in Hanks solution and used in subsequent assays. The cells (5 Â 10 5 ) were resuspended in DMEM and treated as previously described. Diphenyleneiodonium chloride (DPI) (20 mM), a NADPH oxidase inhibitor, was used as a negative control during the first incubation (30 min or 6 h). Carboxy-H 2 DCFDA (10 mM) was added to assess ROS production in all samples and incubated for 30 min during the last incubation (in combination with PMA and Ionomycin or alone). In the final washing, the supernatant was discarded, and the cells were resuspended in 200 mL of fixing solution. The data acquisition was performed using a BD FACSCalibur TM flow cytometer and CellQuest TM software. Fluorescence images were obtained to illustrate ROS production in SK Hep-1 cells. The cells were treated as described above, fixed with paraformaldehyde and analyzed using fluorescence microscopy.
Western blot analysis
Western blotting assay was performed to analyze PKC protein expression and p47 phox and p47 phox phosphorylated expression. The B. trimera hydroethanolic extract (50 mg ml À1 ) and quercetin (50 M) were analyzed. A total of 5 Â 10 6 cells were treated as previously described, and calphostin C (100 nM), a highly specific inhibitor of protein kinase C, was used as a negative control for PKC expression, during pre-incubation for 6 h. As negative control for p47 phox phosphorylated, DPI was used as negative control. After pre-incubation, the cells were stimulated with PMA and ionomycin for 30 min. The cells were lysed in 500 mL of lysis buffer containing 1.0 mM Tris-HCl; 0.5 M EDTA; 5.0 M NaCl; DTT; Nonidet P40; protease inhibitor cocktail, and phosphatase inhibitor (Sigma-Aldrich, St. Louis, MO, USA -Sigma Õ ). The samples were sonicated five times for 30 pulses, followed by centrifugation at 15.6 Â g for 3 h. The supernatant was removed and used for protein measurement and preparation for gel electrophoresis. The BCA protein quantification method was used. A 50 mg protein sample was analyzed using 10% polyacrylamide gel electrophoresis, followed by transferred a nitrocellulose membrane according to Sambrook et al., 24 with modifications. Subsequently, membranes for PKC, for p47 phox , and for p47 phox phosphorylated were incubated with primary antibody (anti-protein kinase C, anti-p47 phox , anti-phospho p47 phox (pSer 359 ) antibody, respectively) at a dilution factor of 1:1000 overnight at 5 C. Subsequently, membranes were washed with TBST (500 mmol l À1 NaCl, 20 mmol l À1 Tris-HCl and 0.4% Tween 20, pH 7.4) and incubated with the secondary antibody (anti-mouse IgG À peroxidase antibody for PKC analyze, and anti-rabbit IgG peroxidase antibody for p47 phox analyses) for 1 h at 4 C. To visualize the bands, the membrane was exposed to Luminol Enhancer Solution (GE Healthcare, Buckinghamshire, United Kingdom) for 1 min, followed by a 30-s exposure to Hyperfilm-ECL (GE Healthcare) and the intensity of the bands was quantified using Quantity One software (Bio-Rad, Berkeley, California).
PKC activity
PKC activity was analyzed using the PKC kinase activity kit (Enzo Life Sciences -ADI-EKS-420 A). Briefly, the cells were treated as previously described and after centrifugation, lysis buffer (Tris-HCl 1.0 mM; EDTA 0.5 M; NaCl 5.0 M; DTT; Nonidet P40; Protease inhibitor cocktail; Sigma-Aldrich, St. Louis, MO, USA -Sigma Õ ) was added to each sample, followed by sonication five times for 30 s. The samples were centrifuged for 3 h at 15.6 Â g. The supernatant was removed and the proteins were quantified using BCA. The samples (30 mL) were added to wells of a PKC Substrate Microtiter Plate, and the reaction was initiated after adding 10 mL of diluted ATP to each well. The plate was incubated for 90 min at 30 C. Phosphospecific substrate antibody was added to wells, and the plate was incubated again for 60 min. The wells were washed four times with 100 mL of Wash Buffer, and anti-rabbit IgG:HRP-conjugated secondary antibody was added to each well, followed by incubation at room temperature for 30 min. The plate was washed four times, and TMB Substrate was added to each wells, followed by incubation for 30 min. Approximately 20 mL of acid stop solution was added, and the absorbance was measured at 450 nm using a microplate reader (Biotek EL 808).
Statistical analyzes
Two independent experiments were conducted in triplicate. The values are presented as the mean values and standard error. Statistical analysis was performed using analysis of variance (ANOVA), followed by Dunnett's or Bonferroni's post-test using Graph Prism (version 5.0). Statistical significance was considered at P < 0.05.
Results

LC-DAD-ESI-MS analysis of hydroethanolic extract
In the hydroethanolic extract of B. trimera, we identified five flavonoids and nine chlorogenic acids by LC-DAD-ESI-MS. The RP-UPLC-DAD fingerprint is shown in Figure 1 . The structures of the identified compounds are shown in Figure  2 and their spectrum data are listed in Table 1 .
B. trimera hydroethanolic extract does not alter the viability of SK Hep-1 cells
The MTT assay showed no significant difference in the viability of SK Hep-1 cells treated with the hydroethanolic extract of B. trimera (Bt) at concentrations of 10, 25, and 50 mg mL À1 , and the viability of these cells was maintained above 86%. At 100 mg mL À1 , the B. trimera extract significantly reduced cell viability compared with the control. There was no significant difference in the viability of cells incubated with quercetin (Que) or rutin (Rut) at all concentrations evaluated, and these cells maintained viability greater than 86% (Figure 3 ).
Measurement of ROS generation with carboxy-H 2 DCFDA
B. trimera hydroethanolic extract inhibits ROS production in unstimulated cells. We examined the influence of B. trimera hydroethanolic extract and positive controls quercetin (Que) and rutin (Rut) on the modulation of ROS production in unstimulated cells (basal) at two incubation The results show no significant difference in ROS production in cells incubated with 10 mg mL À1 B. trimera (Bt) hydroethanolic extract for 30 min. The same profile was observed for the positive controls, Que, and Rut (Figure 4(a) ).
However, a significant decrease in ROS production was observed in cells incubated with 25 mg mL À1 Bt or 25 mM Que (Figure 4(b) ). Moreover, a significant decrease in ROS production was observed in cells incubated with 50 mg mL À1 Bt or 50 mM Que or Rut (Figure 4(c) ).
Figure 3
Viability of SK Hep-1 cells exposed to Baccharis trimera, quercetin and rutin for 12 h. The MTT assay was performed to analyze cell viability. The viability of the control group (cells not exposed to extract, quercetin, or rutin) was considered as 100%, and the other values were compared with the control group. The results are expressed as the means AE SEM. ***P < 0.001 for 100 mg mL À1 of Baccharis trimera hydroethanolic extract, which decreased cell viability. One-way ANOVA, followed by Bonferroni's post-test was used for statistical analysis. This test was performed in sextuplicate from three independent experiments After incubation for 6 h, only 25 and 50 mg mL À1 concentrations of Bt or 50 mM Que were sufficient to inhibit ROS production (Figure 4 (e) and (f)).
B. trimera hydroethanolic extract inhibits ROS production through the PKC pathway. In order to evaluate the influence of the PKC pathway on ROS production, the cells were incubated with the PKC activators, PMA (50 nM), and ionomycin (100 nM). The results showed that cells incubated with PMA and ionomycin showed an increase in ROS production compared with the respective control (unstimulated cells) ( Figure 5 (a) to (f)). To evaluate the influence of NOX on ROS production, the cells were incubated with DPI (20 mM), a NADPH oxidase inhibitor. The results showed a significant reduction in ROS production compared with stimulated cells (PMA þ iono) ( Figure 5 (a) to (f)), demonstrating the importance of the NOX for the stimulation of ROS production through the PKC pathway. In order to assess the effect of B. trimera hydroethanolic extract on the modulation of ROS production through PKC, the cells were pre-incubated with B. trimera extract (10, 25, or 50 mg mL À1 ), quercetin, or rutin (positive controls; 10, 25 or 50 mM), followed by incubation with PMA þ ionomycin (Figure 5(a) to (c)). However, after incubation for 6 h, we observed a significant reduction in ROS production in cells pre-incubated with Bt (50 mg mL À1 ) or Que (25 and 50 mM) ( Figure 5 (e) and (f)) and then stimulated with PMA þ ionomycin. Panel G shows fluorescence microscopy images of SK-Hep 1 cells treated with hydroethanolic extract of B. trimera, qualitatively demonstrating its effect in reducing ROS production. We observe an increase in fluorescence in cells stimulated with PMA þ ionomycin compared with that in control cells (unstimulated). When cells are pre-incubated with DPI, we observed a decrease in fluorescence compared with that in the experimental group. The same effect was observed in relation to the hydroethanolic extract (50 mg mL À1 ) of B. trimera and quercetin (50 M), thus confirming the effect of these compounds on the modulation of ROS via PKC.
B. trimera hydroethanolic extract inhibits PKC protein expression and PKC activity
PKC is responsible for p47 phox phosphorylation and NOX activation, with a consequent increase in ROS production. In the present study, we demonstrated that SK Hep-1 cells incubated with PMA/iono (activators for conventional PKC) showed increased PKC protein expression, although this increase was not statistically significant, and cells incubated with calphostin C (selective inhibitors of the PKC) showed a significant decrease in PKC expression. Moreover, treatment with Bt (50 mg mL À1 ) and Que (50 mM) significantly decreased the expression of this protein to levels similar to those observed for the negative control ( Figure 6(a) ). The results showed that treatment with PMAþiono significantly increased PKC activity, whereas calphostin C significantly inhibited the activity of this kinase. Surprisingly, Bt (50 mg mL À1 ) and Que (50 mM) significantly inhibited PKC activity ( Figure 6(b) ).
B. trimera hydroethanolic extract inhibits p47phox phosphorylation
As mentioned above, the phosphorylation of p47 phox subunit is required for activation of NOX enzyme, increasing the production of intracellular ROS. In addition to evaluating the involvement of PKC pathway in enzyme activation, we also evaluated the influence of B. trimera extract on p47 phox phosphorylation. It was observed that B. trimera extract did not alter p47 phox expression (Figure 7(a) ), however was able to decrease the expression of p47 phox phosphorylated, showing that B. trimera (50 mg mL À1 ), as quercetin (50 mM), its positive control, also influence the phosphorylation of p47 phox subunit (Figure 7(b) ), decreasing NOX activation. The analyses were performed using Quantity One image analysis software (Bio Rad). (b) PKC activity in cells exposed to Baccharis trimera extract and quercetin, followed by stimulation with PMA þ ionomycin was commercially assessed using a kit purchased from Enzo Life Sciences. As a positive control, PKC was supplied in the kit. # P < 0.0001 for values significantly different from C (control cells); **P < 0.001 and ***P < 0.0001 for values significantly different from C (PMA þ Iono). The results are expressed as the means AE SEM. Statistically significant differences were determined using One-way ANOVA and Dunnett's post-test. These analyses were performed in triplicate acid, 3,4-di-O-caffeoylquinc acid; 3,5-di-O-caffeoylquinc acid; 11. 4,5-di-O-caffeoylquinc acid) ( Table 1 and Figure 2) . Therefore, in the present study, we used quercetin and rutin compounds as positive controls for B. trimera hydroethanolic extract. Despite the antioxidant potential of B. trimera, toxic effects have been reported for different plant extracts. 21, 25 The results of the present study showed that Bt exhibited no cytotoxic effect at any concentration after incubation for 12 h. Nogueira et al. 26 also did not observe the cytotoxic effects of the ethanol extract of B. trimera on rat hepatoma cells and human embryo kidney epithelial cells after incubation for 72 and 96 h, respectively. Only a fraction of the aqueous extract induces cytotoxic effects at high doses in kidney cells. Similarly, quercetin and rutin showed no cytotoxic effects at any concentration evaluated. Yang et al. 27 observed a decrease in the viability of rat brain microvessel endothelial cells (BMECs) with high concentrations of quercetin (500 mM) and rutin (750 mM). Thus, all concentrations below these values were considered safe, consistent with the results presented herein.
B. trimera (25 and 50 mg mL À1 ), quercetin (25 and 50 mM), and rutin (50 mM) inhibited basal ROS production after incubation for 30 min, and after 6 h, the inhibition of ROS production was only observed with high concentrations of Bt (25 and 50 mg mL À1 ) and Que (50 mM). B. trimera exhibits excellent potential to modulate ROS production compared with quercetin and rutin. These results suggest that the inhibitory effect of this plant on the ROS production is associated with the synergic effect of the components of the extract, such as quercetin and other flavones. Some antioxidant activities of plants have been attributed to other unidentified compounds or synergistic effects between the constituents of the plant extracts. 28 Moreover, the modulation of ROS production in unstimulated cells might reflect mechanisms of direct neutralization. Indeed, the neutralization of free radicals of flavonoids has been associated with hydrogen donation. 29 However, the main goal of the present study was to elucidate whether B. trimera extract modulates ROS production through the inhibition of cellular signaling pathways, PKC, and NOX. The results of the present study showed that SK Hep-1 cells incubated with PMA/iono (PKC activators) exhibited increased ROS production via PKC signaling, which once activated, can promote the activation of NOX. To confirm the hypothesis that the most of ROS production in SK Hep-1 cells is dependent on NOX, the cells were incubated with DPI, an inhibitor of this enzyme. The results showed a significant decrease in ROS production, and these values were similar to those observed in unstimulated cells (basal). Pre-treatment with Bt and Que was effective to modulate ROS production in PMA/iono-treated cells.It is known that quercetin and related flavonoids are broad protein kinase inhibitors, including PKC 30 ; thus, we elucidated the effects of B. trimera and quercetin on the PKC signaling pathway. Romero et al. 31 found that quercetin decreases ROS production through the inhibition of PKC activity. Other studies have demonstrated that quercetin diminished the activation of PKC and ROS in HepG2 cells. 32 Thus, several studies suggest the involvement of quercetin in modulating of expression and/or activity PKC and NOX; however, there is no report in the literature about the possible signaling mechanisms of B. trimera responsible for the reduction of ROS. In our study, we demonstrated for the first time that B. trimera was able to inhibit protein expression and the activity of the PKC enzyme. In addition, our goal was to verify that the B. trimera was also able to Figure 7 p47 phox and p47 phox phosphorylated expression in SK Hep-1 cells exposed to Baccharis trimera and quercetin. (a) Densitometric scanning of p47 phox and phospho p47 phox after normalization with b-actin. Results of Western blotting assay showing that p47 phox expression are not altered by PMA þ iono exposure nor with Baccharis trimera and quercetin treatments for 6 h. (b) p47 phox phosphorylated expression was reduced by Baccharis trimera and quercetin treatments. *P < 0.05 for values significantly different from C (PMA þ iono). The analyses were performed using Quantity One image analysis software (Bio Rad). The results are expressed as the means AE SEM. Statistically significant differences were determined using One-way ANOVA and Dunnett's post-test. These analyses were performed in triplicate down-regulate subunit p47 phox phosphorylation of NOX without modifying the expression level of this subunit, elucidating a possible signaling pathway responsible for the antioxidant activity of B. trimera.
Thus, the results of the present study provide the first evidence that B. trimera decreased the protein expression and enzymatic activity of PKC as a potential mechanism for the inhibition of NOX activity through of down-regulation p47 phox phosphorylation and consequently ROS production.
Conclusion
This study provides the first evidence of a signaling mechanism triggered through B. trimera to modulate ROS production. The inhibitory effect of B. trimera on ROS can be explained by two distinct mechanisms, which may or not generate synergistic effects. The first mechanism involves the inhibition of PKC protein expression and activity, and the second mechanism is associated with the down-regulation p47 phox phosphorylation of NOX ( Figure 8 ).
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